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We, David J. Yang, Chun- Wei Liu, Dong-fang Yu, and E. Edmfcbid Kim, hereby declare as 
follows: 

1. We are the joint inventors of the subject matter claimed in the above-referenced patent 
application. 

2. We are submitting this declaration to set forth facts demonstrating that the invention as 
reflected in the claims of the above referenced patent application was reduced to practice prior to 
June 1, 1999. 

3. Attached as Exhibit 1 is an abstract and summary of our studies pertaining to the 
invention as reflected in the claims of the above-referenced patent application. Each of the 
documents set forth in Exhibit 1 was prepared prior to June 1, 1999. 
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4. Exhibit 1 demonstrates that the invention was reduced to practice. 

5. hi particular, reduction to practice of the claimed methods of imaging a site within a 
subject is shown by the fact that we prepared compositions of particular radionuclide-labeled bis- 
aminoethanethiol (BAT) dicarboxyxlic acid-targeting ligand conjugates and detected radioactive 
signals by emission tomography in subjects following administration of the compositions to the 
subjects. Information regarding the preparation and imaging using the BAT dicarboxylic acid- 
targeting ligand conjugates which we studied is summarized as follows: 

• 99m Tc-ethylenedicysteine (EC)-folate - Information regarding the synthesis of EC-folate, 
radiolabeling of EC-folate with 99m Tc, and scintigraphic imaging and autoradiography 
studies using 99m Tc-EC-folate in Fischer rats can be found in Example 1 (pages 4-6 and 

1 1) and FIGS. 4-6 of Exhibit 1. 

• 99m Tc-EC-metronidazole (MN) - Information regarding the synthesis of EC-MN, 
radiolabeling of EC-MN with 99m Tc, and scintigraphic imaging and autoradiography 
studies using 99m Tc-EC-MN in Fischer rats can be found in Example 2 (pages 6-8 and 

12) , Table 4, and FIGS. 11-15 of Exhibit 1. 

• 99m Tc-EC-nitroimidazole (NIM) - Information regarding the synthesis of EC-NIM, 
radiolabeling of EC-NIM with 99m Tc, and scintigraphic imaging and autoradiography 
studies using 99m Tc-EC-NTM in Fischer rats can be found in Example 2 (pages 6-8 and 
12), Table 4, and FIGS. 11-15 of Exhibit 1. 

• 99m Tc-EC-pentaglutamate (GAP) - Information regarding the synthesis of EC-GAP, 
radiolabeling of EC-GAP with 99m Tc, and scintigraphic imaging and autoradiography 
studies using 99m Tc-EC-GAP in Fischer rats can be found in Example 3 (pages 9 and 12) 
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and FIG. 17 of Exhibit 1. 

• 99m Tc-EC-Annexin V (ANNEX) - Information regarding the synthesis of EC-ANNEX, 
radiolabeling of EC- ANNEX with 99m Tc, and scintigraphic imaging and autoradiography 
studies using 99m Tc-EC- ANNEX in Fischer rats can be found in Example 4 (page 9, 13) 
and FIGS. 18-20 of Exhibit 1. 

• 99m Tc-EC-colchicine (COL) - Information regarding the synthesis of EC-COL, 
radiolabeling of EC-COL with 99m Tc, and scintigraphic imaging and autoradiography 
studies using 99m Tc-EC-COL in Fischer rats can be found in Example 5 (pages 10-11 and 
13) and FIGS. 22-27 of Exhibit 1. 

6. In conclusion, we reduced to practice the invention as reflected in the claims of the 
above-referenced patent application prior to June 1, 1999. 

7. We hereby declare that all statements made by our own knowledge are true and all 
statements made on information and belief are believed to be true and further that statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment under § 100 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereon. 

Date: l/t^L /j^L < ^<)a^ J 

David J. Yang 

Date: 7/t&/z0»£ ^Odlj^U^ C MiAs 

Chun- Wei Liu 

Date: 7' 
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EXHIBIT 1 



Ethylenedicysteine (EC)-Drug Conjugates for Tumor Targeted Imaging 
ABSTRACT 

Radionuclide imaging modalities (positron emission tomography, PET; 
single photon emission computed tomography, SPECT) are diagnostic 
cross-sectional imaging techniques that map the location and 
concentration of radionuclide-labeled radiotracers. Although CT and MRI 
provide considerable anatomic information about the location and the 
extent of tumors, these imaging modalities cannot adequately differentiate 
invasive lesions from edema, radiation necrosis, grading or gliosis PET 
and SPECT can be used to localize and characterize tumors by measuring 
metabolic activity. 

Due to favorable physical characteristics as well as extremely low price 
($0.21/mCi), technetium (""Tc, tl/2=6 hours) has been preferred to label 
radiopharmaceuticals for SPECT. "Tc can be obtained from a "Mo/""Tc 
generator. Among ""Tc chelators, "Tc-L,L-ethylenedicysteine ("Tc-EC) 
is the most recent and successful example. We have then developed a series 
of new ligands conjugated with EC. 

Strategies for the application of these ligands can be categorized in three 
ways: (1) prediction of therapeutic response; we developed folate receptors 
targeting ligands: "Tc-EC-folate, "Tc-EC-methotrexate ( 99m Tc-EC-MTX) 
""Tc-EC-tomudex ( 99n Tc-EC-TDX), (2) monitoring tumor response to 
treatment; we developed imaging ligands for tumor apoptotic cells, 
angiogenesis and tumor hypoxia. These ligands are " m Tc-EC-annexin V 
(EC-ANNEX), "Tc-EC-colchicine (EC-COL), 99m Tc-EC-2-nitroimidazole and 
Tc-EC-metronidazole, (3) differential diagnosis and differentiation of 
malignancies; we developed 99m Tc-EC-glutamate pentapeptide. 

These ligands are designed for functional imaging by SPECT so that a 
better tumor treatment response is expected. The ligands are stored in kit 
forms. 
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TITLE: Ethylenedicysteine (EC)-Drug Conjugates for Tumor Targeted Imaging 

8.0. INTRODUCTION 

a. Invention Description 

What it does and how it can be used 

Improvement of scintigraphic tumor imaging is extensively determined by development of more tumor 
specific radiopharmaceuticals. Due to greater tumor specificity, radiolabeled ligands as well as radiolabeled 
antibodies have opened a new era in scintigraphic detection of tumors and undergone extensive preclinical 
development and evaluation 1 . Radionuclide imaging modalities (positron emission tomography, PET; 
single photon emission computed tomography, SPECT) are diagnostic cross-sectional imaging techniques 
that map the location and concentration of radionuclide-labeled radiotracers. Although CT and MRI provide 
considerable anatomic information about the location and the extent of tumors, these imaging modalities 
cannot adequately differentiate invasive lesions from edema, radiation necrosis, grading or gliosis. PET and 
SPECT can be used to localize and characterize tumors by measuring metabolic activity. 

Due to favorable physical characteristics as well as extremely low price ($0.21/mCi), "Tc has been 
preferred to label radiopharmaceuticals. Although it has been reported that DTPA-drug conjugate could be 
labeled with "Tc effectively 1 , DTPA moiety does not chelate with "Tc as stable as with lrt In 2 . 

Bis-aminoethanethiol tetradentate ligands, also called diaminodithiol compounds, are known to form very 
stable Tc(V)0-complexes on the basis of efficient binding of the oxotechnetium group to two thiolsulfur and 
two amine nitrogen atoms 34 . ""Tc-L.L-ethylenedicysteine (Tc-EC) is the most recent and successful 
example of N 2 S 2 chelates 4 " 6 . EC, a new renal imaging agent, can be labeled with 9f * n Tc easily and efficiendy 
with high radiochemical purity and stability and is excreted through kidney by active tubular transport 4 " 10 . 
Other applications of EC would be chelated with galium-68 (a positron emitter, tl/2=68 min) for PET and 
gadolinium, iron or manganese for magnetic resonance imaging (MRI). In this invention, we report the 
efficient synthesis of a series of new ligands conjugated with EC. Such ligands can be labeled with """Tc 
for functional imaging by SPECT. 

Tumor Folate Receptor Targeting 

The radiolabeled ligands, such as pentetreotide and vasoactive intestinal peptide, bind to cell receptors, some 
of which are overexpressed on tumor cells 11 " 15 . Since these ligands are not immunogenic and are cleared 
quickly from the plasma, receptor imaging would seem to be more promising compared to antibody 
imaging. 

Folic acid as well as antifolates such as methotrexate enter into cells via high affinity folate receptors 
(glycosylphosphatidylinositol-linked membrane folate-binding protein) in addition to classical reduced-folate 
carrier system 1 \ Folate receptors (FRs) are overexpressed on many neoplastic cell types (e.g. lung, 
breast, ovarian, cervical, colorectal, nasopharyngeal, renal adenocarcinomas, malign melanoma and 
ependymomas), but primarily expressed only several normal differentiated tissues (e.g. choroid plexus, 
placenta, thyroid and kidney) 17 '"" 25 . FRs have been used to deliver folate-conjugated protein toxins, 
drug/antisense oligonucleotides and liposomes into tumor cells overexpressing the folate receptors 26 " 31 . 
Furthermore, bispecific antibodies that contain anti-FR antibodies linked to anti-T cell receptor antibodies 
have been used to target T cells to FR-positive tumor cells and are currently in clinical trials for ovarian 
carcinomas " . Similarly, this property has been inspired to develop radiolabeled folate-conjugates, such 
as Ga-deferoxamine-folate and lfl In-DTPA-folate for imaging of folate receptor positive tumors 37 " 40 . 
Results of limited in vitro and in vivo studies with these agents suggest that folate receptors could be a 
potential target for tumor imaging. In this invention, we developed a series of new folate receptor ligands. 
These ligands are 99n Tc-EC-folate, 99m Tc-EC-methotrexate (""Tc-EC-MTX), 99m Tc-EC-tomudex (""Tc-EC- 



CONFIb tNTlAL °— 

Tumor Hypoxia Targeting 

Tumor cells are more sensitive to conventional radiation in the presence of oxygen than in its absence; even 
a small percentage of hypoxic cells within a tumor could limit the response to radiation 41 " 43 . Hypoxic 
radioresistance has been demonstrated in many animal tumors but only in few tumor types in humans 44 " 46 . 
The occurrence of hypoxia in human tumors, in most cases, has been inferred from histology findings and 
from animal tumor studies. In vivo demonstration of hypoxia requires tissue measurements with oxygen 
electrodes and the invasiveness of these techniques has limited their clinical application. 

Misonidazole (MISO) is a hypoxic cell sensitizer, and labeling MISO with different radioisotopes (e.g., 18 F, 
I, ""Tc) may be useful for differentiating a hypoxic, but metabolically active tumor from a well- 
oxygenated active tumor by PET or planar scintigraphy. [ F]Fluoromisonidazole (FMISO) has been used 
with PET to evaluate tumor hypoxia. Recent studies have shown that PET, with its ability to monitor cell 
oxygen content through [ FJFMISO, has a high potential to predict tumor response to radiation 47 ' 52 . PET 
gives higher resolution without collimation, however, the cost of using PET isotopes in a clinical setting is 
prohibitive. Although labeling MISO with iodine was the choice, high uptake in thyroid tissue was 
observed. Therefore, it is desirable to develop compounds for planar scintigraphy that the isotope is less 
expensive and easily available in most major medical facilities. In this invention, we present the synthesis 
of 9Sn Tc-EC-2-nitroimidazole and ""Tc-EC-metronidazole and demonstrate their potential use as tumor 
hypoxia markers. 

Peptide Imaging of Cancer 

Peptides and amino acids have been successfully used in imaging of various types of tumors 53 " 62 . Glutamic 
acid based peptide has been used as a drug carrier for cancer treatment 58 " 62 . It is known that glutamate 
moiety of folate degraded and formed polyglutamate in vivo . The polyglutamate is then re-conjugated to 
folate to form folyl polyglutamate, which is involved in glucose metabolism. Labeling glutamic acid peptide 
may be useful in differentiating the malignancy of the tumors. In this invention, we report the synthesis of 
EC-glutamic acid pentapeptide and evaluate its potential use in imaging tumors. 

Imaging Tumor Apoptotic Cells 

Apoptosis occurs during the treatment of cancer with chemotherapy and radiation 63 " 67 . Annexin V is known 
to bind to phosphotidylserin, which is overexpressed by tumor apoptotic cells 66,67 . Assessment of 
apoptosis by annexin V would be useful to evaluate the efficacy of therapy such as disease progression or 
regression. In this invention, we synthesize "Tc-EC-annexin V (EC-ANNEX) and evaluate its potential 
use in imaging tumors. 

Imaging Tumor Angiogenesis 

Angiogenesis is in part responsible for tumor growth and the development of metastasis. Antimitotic 
compounds are antiangiogenic and are known for their potential use as anticancer drugs. These compounds 
inhibit cell division during the mitotic phase of the cell cycle. During the biochemical process of cellular 
functions, such as cell division, cell motility, secretion, ciliary and flagellar movement, intracellular 
transport and the maintenance of cell shape, microtubules are involved. It is known that antimitotic 
compounds bind with high affinity to microtubule proteins (tubulin), disrupting microtubule assembly and 
causing mitotic arrest of the proliferating cells. Thus, antimitotic compounds are considered as microtubule 
inhibitors or as spindle poisons 68 . 

Many classes of antimitotic compounds control microtubule assembly-disassembly by binding to tubulin 68 " 
. Compounds such as colchicinoids interact with tubulin on the colchicine binding sites and inhibit 
microtubule assembly *" °. Among colchicinoids, colchicine is an effective anti-inflammatory drug used to 
treat prophylaxis of acute gout. Colchicine also is used in chronic myelocytic leukemia. Although 
colchicinoids are potent against certain types of tumor growth, the clinical therapeutic potential is limited due 
to inability to separate the therapeutic and toxic effects 68 . However, colchicine may be useful as a 
biochemical tool to assess cellular functions. In this invention, we developed "Tc-EC-colchicine (EC- 
COL) for the assessment of biochemical process on tubulin functions. 



2 



b . How it works 

Bis-aminoethanethiol telradentate ligands are known to form very stable Tc(V)0-complexes on the basis of 
efficient binding of the oxotechnetium group to two thiolsulfur and two amine nitrogen atoms. "Tc-L.L- 
ethylenedicysteine ("Tc-EQ is the most recent and successful example of N 2 S 2 chelates. We have 
developed a series of new ligands conjugated with EC. These ligands can be labeled with 99m Tc for 
functional imaging by SPECT so that a better tumor treatment response is expected. The ligands are stored 
in kit forms and can be used in the following catagories. 

A. Prediction of Therapeutic Response (Folate receptors targeting) 

We hypothesize that if tumor tissue has less or no uptake by a radiolabeled drug, then such a drug should 
not be used in cancer treatment to save time and money. Assessment of tumor folate receptors with labeled 
folate receptor ligands prior to chemotherapy would provide rational means of selecting patients for 
treatment with methotrexate or methotrexate analogues (e.g. tomudex). Such selection of patients would 
permit more accurate evaluation of antifolates, since their use is limited to the patients with folate receptor 
overexpression, who could potentially benefit from the drug. "Tc-EC-folate, ""Tc-EC-methotrexate 
("Tc-EC-MTX), "Tc-EC-tomudex ("Tc-EC-TDX) were developed. We plan to assess the tumor 
uptake count density ratios before and after treatment with MTX in MTX-sensitive and MTX-resistant 
animal models. 



B . Monitoring Tumor Response to Treatment 
Imaging Tumor Apoptotic Cells 

Apoptosis occurs during the treatment of cancer with chemotherapy and radiation. Annexin V is known to 
bind to phosphotidylserin, which is overexpressed by tumor apoptotic cells. Assessment of apoptosis by 
annexinV would be useful to evaluate the efficacy of therapy such as disease progression or regression. 
Thus, "Tc-EC-annexin V (EC-ANNEX) was developed. " 

Imaging Tumor Hypoxia. 

The assessment of tumor hypoxia by an imaging modality prior to radiation therapy would provide rational 
means of selecting patients for treatment with radiosensitizers or bioreductive drugs (e.g.tirapazamine, 
mitomycin C). Such selection of patients would permit more accurate treatment patients with hypoxic 
tumors. In addition, tumor suppressor gene (P53) is associated with multiple drug resistance. To correlate 
the imaging findings with the overexpression of P53 by histopathology before and after chemotherapy 
would be useful in following-up tumor treatment response. 99m Tc-EC-2-nitroimidazole and ""Tc-EC- 
metronidazole were developed. 

Imaging Tumor Angiogenesis 

Angiogenesis is in part responsible for tumor growth and the development of metastasis. Antimitotic 
compounds are antiangiogenic and are known for their potential use as anticancer drugs. These compounds 
inhibit cell division during the mitotic phase of the cell cycle. During the biochemical process of cellular 
functions, such as cell division, cell motility, secretion, ciliary and flagellar movement, intracellular 
transport and the maintenance of cell shape, microtubules are involved. It is known that antimitotic 
compounds bind with high affinity to microtubule proteins (tubulin), disrupting microtubule assembly and 
causing mitotic arrest of the proliferating cells. Thus, antimitotic compounds are considered as microtubule 
inhibitors or as spindle poisons. Colchicine, a potent antiangiogenic agent, is known to inhibit microtubule 
polymerization and cell arrest at metaphase. Colchicine (COL) may be useful as a biochemical tool to assess 
cellular functions. "Tc-EC-COL was then developed. 

C. Differential Diagnosis 
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Differentiation of Malignancies (Peptide Imaging of Cancer) 

Peptides and amino acids have been successfully used in imaging of various types of tumors. Imaging 
tumors using peptide may be able to differentiate the malignancy of the tumors, the grading of tumors and 
the status of staging. ""Tc-EC-glutamic acid pentapeptide was developed. 



c. How it is an improvement over the way things were done before 

Among all the isotopes used in radionuclide imaging, Tc is the least expensive isotope ($0.21/mCi). 
Almost all the hospitals with Radiology/Nuclear Medicine Departments in the world have a "Mo /""Tc 
generator. In this invention we improved the chemistry so that the ligands could be labeled with 99m Tc. 
These ligands are functional imaging ligands. They can characterize tumors so that better treatment response 
is expected. All these precursors can be stored in kit forms. 

d/e. Experimental procedure 

The NMR and mass spectral analysis were conducted at the University of Texas Health Science Center 
(Houston, TX). Nuclear magnetic resonance (NMR) spectra were recorded on a GE GN-500 Spectrometer. 
The mass data were obtained by fast atom bombardment on a Kratos MS 50 instrument (England). 
Elemental analysis was performed at Galbraith Laboratories, Inc. (Knoxville, TN). ""Tc-pertechnetate was 
obtained from a commercial "Mo/"^ generator (Ultratechnekow FM™, Mallinckrodt Diagnostica, 
Holland). 

EXAMPLE 1: TUMOR FOLATE RECEPTOR TARGETING 
Synthesis of EC 

EC was prepared in a two-step synthesis according to the previously described methods 73,74 . The 
precursor, L-thiazolidine-4-carboxylic acid, was synthesized (m.p. 195°, reported 196-197°). EC was then 
prepared (m.p. 237°, reported 251-253°). The structure was confirmed by 'H-NMR and fast-atom 
bombardment mass spectroscopy (FAB-MS). 

Synthesis of aminoethylamido analogue of methotrexate (MTX-NH 2 ) 

MTX (227 mg, 0.5 mmol) was dissolved in 1 ml of HC1 solution (2N). The pH value was <3. To this 
stirred solution, 2 ml of water and 4 ml of N-ethoxycarbonyl-2-ethoxy-l,2-dihydroquinoline (EEDQ, 
6.609% in methanol, 1 mmol) were added at room temperature. Ethylenediamine (EDA, 0.6 ml, 10 mmol) 
was added slowly. The reaction mixture was stirred overnight and the solvent was evaporated in vacuo. 
The raw solid material was washed with diethyl ether (10 ml), acetonitrile (10 ml) and 95% ethyl alcohol 
(50 ml) to remove the unreacted EEDQ and EDA. The product was then dried by lyophilization and used 
without further purification. The product weighed 210 mg (84.7% ) as a yellow powder, m.p. of product: 
195-198 °C (dec, MTX); 'H-NMR P 2 0) 8 2.98-3.04 (d, 8H, -(CH 2 ) 2 CONH(CH 2 ) 2 NH 2 ), 4.16-4.71 (m, 
6H, -CH 2 -pteridinyl, aromatic-NCH 3 , NH-CH-COOH glutamate), 6.63-6.64 (d, 2H, aromatic-CO), 7.51- 
7.53 (d, 2H. aromatic-N), 8.36 (s, 1H, pteridinyl). FAB MS m/zcalcd for C 22 H 2g N 10 O 4 (M) + 496.515, 
found 496.835. 

Synthesis of aminoethylamido analogue of folate (Folate-NH 2 ) 

Folic acid dihydrate (1 g, 2.0 mmol) was added in 10 ml of water. The pH value was adjusted to 2 using 
HC1 (2 N). To this stirred solution, N-ethoxycarbonyl-2-ethoxy-l,2-dihydroquinoline (EEDQ, 1 g in 10 ml 
methanol, 4.0 mmol) and ethylenediamine (EDA, 1.3 ml, 18 mmol) were added slowly. The reaction 
mixture was stirred overnight at room temperature. The solvent was evaporated in vacuo . The product was 
precipitated in methanol (50 ml) and further washed with acetone (100 ml) to remove the unreacted EEDQ 
and EDA. The product was then freeze-dried and used without further purification. Ninhydrin (2% in 
methanol) spray indicated the positivity of amino group. The product weighed 0.6 g (yield 60% ) as a 
yellow powder, m.p. of product: 250° (dec). 'H-NMR (D 2 0) 5 1.97-2.27 (m, 2H, -CH 2 glutamate of 
folate), 3.05-3.40 (d, 6H, -CH 2 CONH(CH 2 ) 2 NH 2 ), 4.27-4.84 (m, 3H, -CH 2 -pteridinyl, NH-CH-COOH 



4 



glutamate), 6.68-6.70 (d, 2H, aromatic-CO), 7.60-7.62 (d, 2H. aromatic-N), 8.44 (s, 1H, pteridinyl). 
FAB MS m/z calcd for C 21 H 25 N 9 0 5 (M) + 483, found 483.21. P ^ 

Synthesis of ethylenedicysteine-folate (EC-FoIate) 

To dissolve EC, NaOH (2N, 0. 1 ml) was added to a stirred solution of EC (1 14 mg, 0.425 mmol) in water 
(1.5 ml). To this colorless solution, sulfo-NHS (92.3 mg, 0.425 mmol) and EDC (81.5 mg, 0 425 
mmol) were added. Folate-NH 2 (205 mg, 0.425 mmol) was then added. The mixture was stirred at room 
temperature for 24 hours. The mixture was dialyzed for 48 hours using Spectra/POR molecular porous 
membrane with molecule cut-off at 500 (Spectrum Medical Industries Inc., Houston, TX). After dialysis, 
the product was freeze dried. The product weighed 116 mg (yield 35%). m.p. 195° (dec); 'H-NMR (D 2 0) 
S 1.98-2.28 (m, 2H, -CH 2 glutamate of folate), 2.60-2.95 (m, 4H and -CH 2 -SH of EC), 3.24-3.34 (m, 
10H, -CH 2 -CO, ethylenediamine of folate and ethylenediamine of EC), 4.27-4.77 (m, 5H -CFL- 
ptendinyl, NH-CH-COOH glutamate of folate and NH-CH-COOH of EC), 6.60-6.62 (d, 2H, aromatic- 
Sri' 7;2 8 " 7 - 59 (d ' 2R ^omatic-N), 8.59 (s, 1H, pteridinyl). Anal, calcd for C 5Q H„N n S 7 0 8 Na 7 (8H,0), 
FAB MS m/z (M) + 777.3 (free of water). C, 37.79; H, 5.75; N, 16.72; S, 6.95 Found: m/z (M) + 777 7 
(20), 489.4 (100). C, 37.40; H, 5.42; N, 15.43; S, 7.58. 

Radiolabeling of EC-foIate and EC with " m Tc 

Radiosynthesis of "Tc-EC-folate was achieved by adding required amount of ""Tc-pertechnetate into 
home-made kit containing the lyophilized residue of EC-folate (3 mg), SnCl 2 (100 ug), Na 2 HP0 4 (13 5 
mg), ascorbic acid (0.5 mg) and NaEDTA (0.5 mg). Final pH of preparation was 7.4. ""Tc-EC was also 
obtained by using home-made kit containing the lyophilized residue of EC (3 mg), SnCl 2 (100 u.g), 
N^HPC^ (13.5 mg), ascorbic acid (0.5 mg) and NaEDTA (0.5 mg) at pH 10. Final pH of preparation was 
then adjusted to 7.4. Radiochemical purity was determined by TLC (ITLC SG, Gelman Sciences, Ann 
Arbor, MI) eluted with, respectively, acetone (system A) and ammonium acetate (1M in water):methanol 
( Tiil (system B) - From tAdi °- TLC (Bioscan, Washington, DC) analysis, the radiochemical purity was 
>95% for both radiopharmaceuticals. Radio-TLC data were summarized in Table 1. Synthesis of "Tc-EC- 
folate is shown in Figure 1. 

Radiolabeling of EC-MTX and EC-TDX with " m Tc 

Use the same method described for the synthesis of EC-folate, EC-MTX and EC-TDX were prepared. The 
labeling procedure is the same asdescribed for the preparation of "Tc-EC-folate except EC-MTX and EC- 
TDX were used. Synthesis of "Tc-EC-MTX and "Tc-EC-TDX is shown in Figures 2 and 3. 

Stability assay of 99n, Tc-EC-foIate, 99m Tc-EC-MTX and 99m Tc-EC-TDX 

5?n S# °C^ C ~§£: Folate ' ""Tc-EC-MTX and "Tc-EC-TDX was tested in serum samples. Briefly, 
740 KBq of 1 mg "Tc-EC-Folate, "Tc-EC-MTX and ""Tc-EC-TDX was incubated in dog serum (200 
ul) at 37 °C for 4 hours. The serum samples was diluted with 50% methanol in water and radio-TLC 
repeated at 0.5, 2 and 4 hours as described above. 

Tissue distribution studies 

Female Fischer 344 rats (150±25 g) (Harlan Sprague-Dawley, Indianapolis, IN) were inoculated 
subcutaneously with 0.1 ml of mammary tumor cells from the 13762 rumor cell line suspension (10 
cells/rat, a tumor cell line specific to Fischer rats) into the hind legs using 25-gauge needles. Studies 
performed 14 to 17 days after implantation when tumors reached approximately 1 cm diameter Animals 
were anesthetized with ketamine (10-15 mg/rat, intraperitoneally) before each procedure. 

In tissue distribution studies, each animal injected intravenously with 370-550 KBq of "Tc-EC-folate or 
""Tc-EC (n=3/time point). The injected mass of each ligand was 10 ug per rat. At 20 min, 1, 2 and 4 h 
following administration of the radiopharmaceuticals, the anesthetized animals were sacrificed and the tumor 
and selected tissues were excised, weighed and counted for radioactivity by a gamma counter (Packard 
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Instruments, Downers Grove, IL). The biodistribution of tracer in each sample was calculated as 
percentage of the injected dose per gram of tissue wet weight (%ID/g). Counts from a diluted sample of the 
original injectate were used for reference. Tumor/nontarget tissue count density ratios were calculated from 
the corresponding %ID/g values. Student-t test was used to assess the significance of differences between 
two groups. 

In a separate experiment, blocking studies were performed to determine receptor-mediated process. In 
blocking studies, for "Tc-EC-folate was co-administrated (i.v.) with 50 and 150 [imol/kg folic acid to 
tumor bearing rats (n=3/group). Animals were killed 1 h post-injection and data was collected. 

Scintigraphic imaging and autoradiography studies 

Scintigraphic images, using a gamma camera (Siemens Medical Systems, Inc., Hoffman Estates, IL) 
equipped withlow-energy, parallel-hole collimator, were obtained 0.5, 2 and 4 hrs after i.v. injection of 
1 8.5 MBq of ""Tc-labeled radiotracer. 

Whole-body autoradiogram were obtained by a quantitative image analyzer (Cyclone Storage Phosphor 
System, Packard, Meridian, CT). Following i.v. injection of 37 MBq of * >m Tc-EC-folate, animal killed at 1 
h and body was fixed in carboxymethyl cellulose (4%). The frozen body was mounted onto a cryostat 
(LKB 2250 cryomicrotome) and cut into 100 fim coronal sections. Each section was thawed and mounted 
on a slide. The slide was then placed in contact with multipurpose phosphor storage screen (MP, 7001480) 
and exposed for 15 h ("Tc-labeled). The phosphor screen was excited by a red laser and resulting blue 
light that is proportional with previously absorbed energy was recorded. 

EXAMPLE 2: TUMOR HYPOXIA TARGETING 

Synthesis of 2-(2-methyl-5-nitro- ! H-imidazolyl)ethylamine (amino analogue of 
metronidazole, MN-NH 2 ) 

Amino analogue of metronidazole was synthesized according to the previously described methods 75 . 
Briefly, metronidazole was converted to a mesylated analogue (m.p. 149-150°C, reported 153-154°C, 
TLC:ethyl acetate, Rf=0.45), yielded 75%. Mesylated metronidazole was then reacted with sodium azide to 
afford azido analogue (TLC:ethyl acetate, Rf=0.52), yielded 80%. The azido analogue was reduced by 
triphenyl phosphine and yielded (60%) the desired amino analogue (m.p. 190-192°C, reported 194-195°C, 
TLCrethyl acetate, Rf=0.15). Ninhydrin (2% in methanol) spray indicated the positivity of amino group of 
MN-NH 2 . The structure was confirmed by 'H-NMR and mass spectroscopy (FAB-MS) m/z 
171(M + H,100). 

Synthesis of Ethylenedicysteine-Metronidazoie (EC-MN) 

Sodium hydroxide (2N, 0.2 ml) was added to a stirred solution of EC (134 mg, 0.50 mmol) in water (5 
ml). To this colorless solution, sulfo-NHS (217 mg, 1.0 mmol) and EDC (192 mg, 1.0 mmol) were 
added. MN-NH 2 dihydrochloride salt (340 mg, 2.0 mmol) was then added. The mixture was stirred at 
room temperature for 24 hours. The mixture was dialyzed for 48 hrs using Spectra/POR molecular porous 
membrane with cut-off at 500 (Spectrum Medical Industries Inc., Houston, TX). After dialysis, the 
product was frozen dried using lyophilizer (Labconco, Kansas City, MO). The product weighed 315 mg 
(yield 55%). 'H-NMR (D 2 0) 8 2.93 (s, 6H, nitroimidazole-CH 3 ), 2.60-2.95 (m, 4H and -CH 2 -SH of 
EC), 3.30-3.66 (m, 8H, ethylenediamine of EC and nitromidazole-CH 2 -C_H 2 -NH 2 ), 3.70-3.99 (t, 2H, NH- 
CH-CO of EC), 5.05 (t, 4H, metronidazole-£H 2 -CH 2 -NH 2 ) (s, 2H, nitroimidazole C=£H). FAB MS m/z 
572 (M + , 20). The synthetic scheme of EC-MN is shown in Figure 7. 

Synthesis of 3-(2-nitro- 1 H-imidazolyl)propyIamine (amino analogue of nitroimidazole, 
NIM-NH 2 ) 5 

To a stirred mixture containing 2-nitroimidazole (lg, 8.34 mmol) and Cs,C0 3 (2.9g, 8.90 mmol) in 
dimethylformaide (DMF, 50 ml), 1,3- ditosylpropane (3.84 g, 9.99 mmol) was added. The reaction was 
heated at 80°C for 3 hours. The solvent was evaporated under vacuum and the residue was suspended in 
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ethylacetate. The solid was filtered, the solvent was concentrated, loaded on a silica gel-packed column and 
eluted with hexane:ethylacetate (1:1). The product, 3-tosylpropyl-(2-nitroimidazole), was isolated (1.67g, 
57.5%) withm.p. 108-1 11°C. 'H-NMR (CDC1 3 ) 5 2.23 (m, 2H), 2.48 (S, 3H), 4.06 (t, 2H, J=5.7Hz), 
4.52 (t, 2H, J=6.8Hz), 7.09 (S, 1H), 7.24 (S, 1H), 7.40 (d, 2H, J=8.2Hz),7.77 (d, 2H, J=8.2Hz). 

Tosylated 2-nitroimidazole (1.33g, 4.08 mmol) was then reacted with sodium azide (0.29 g, 4.49 mmol) in 
DMF (10 ml) at 100°C for 3 hours. After cooling, water (20 ml) was added and the product was extracted 
from ethylacetate (3x20 ml). The solvent was dried over MgS0 4 and evaporated to dryness to afford azido 
analogue (0.6 g, 75%, TLC: hexane:ethyl acetate; 1:1, Rf=0.42). 'H-NMR (CDC1 3 ) 5 2.14 (m, 2H), 3.41 
(t, 2H, J=6.2Hz), 4.54 (t, 2H, J=6.9Hz), 7.17 (S, 2H). 

The azido analogue (0.57 g, 2.90 mmol) was reduced by triphenyl phosphine (1.14 g, 4.35 mmol) in 
tetrahydrofuran (THF) at room temperature for 4 hours. Concentrate HC1 (12 ml) was added and heated 
for additional 5 hours. The product was extracted from ethylacetate and water mixture. The ethylacetate 
was dried over MgS0 4 and evaporated to dryness to afford amine hydrochloride analogue (360 mg, 60%). 
Ninhydrin (2% in methanol) spray indicated the positivity of amino group of NIM-NH 2 . 'H-NMR (D 2 0) 8 
2.29 (m, 2H), 3.13 (t, 2H, J=7.8Hz), 3.60 (br, 2H), 4.35 (t, 2H, J=7.4Hz), 7.50 (d, 1H, J=2.1Hz),7.63 
(d, 1H, J=2.1Hz). 

Synthesis of ethylenedicysteine-nitroimidazole (EC-NIM) 

Sodium hydroxide (2N, 0.6 ml) was added to a stirred solution of EC (134 mg, 0.50 mmol) in water (2 
ml). To this colorless solution, sulfo-NHS (260.6 mg, 1.2 mmol), EDC (230 mg, 1.2 mmol) and sodium 
hydroxide (2N, 1 ml) were added. NTM-NH 2 hydrochloride salt (206.6 mg, 1.0 mmol) was then added. 
The mixture was stirred at room temperature for 24 hours. The mixture was dialyzed for 48 hrs using 
Spectra/POR molecular porous membrane with cut-off at 500 (Spectrum Medical Industries Inc., Houston, 
TX). After dialysis, the product was frozen dried using lyophilizer (Labconco, Kansas City, MO). The 
product weighed 594.8 mg (yield 98%). The synthetic scheme of EC-NIM is shown in Figure 8A. The 
structure is confirmed by 'H-NMR (D 2 0) (Figure 8B). 

Radiolabeling of EC-MN and EC-NIM with ,9m Tc 

Radiosynthesis of "Tc-EC-MN and ""Tc-EC-NTM were achieved by adding required amount of "Tc- 
pertechnetate into home-made kit containing the lyophilized residue of EC-MN or EC-NIM (3 mg), SnCl 2 
(100 ng), Na^PO, (13.5 mg), ascorbic acid (0.5 mg) and NaEDTA (0.5 mg). Final pH of preparation was 
7.4. Radiochemical purity was determined by TLC (ITLC SG, Gelman Sciences, Ann Arbor, MI) eluted 
with acetone (system A) and ammonium acetate (1M in water):methanol (4:1) (system B), respectively. 
From radio-TLC (Bioscan, Washington, DC) analysis, the radiochemical purity was >95% for both 
radiotracers. 

Synthesis of [ 18 F]FMISO and [ m I]IMISO „ 

[ Fjfluoride was produced by the cyclotron using proton irradiation of enriched O-water in a small- 
volume silver target. The tosyl MISO 75 (20 mg) was dissolved in acetonitrile (1.5 ml), added to the 
kryptofix-fluoride complex. After heating, hydrolysis and column purification, A yield of 25-40% (decay 
corrected) of pure product was isolated with the end of bombardment (EOB) at 60 min. HPLC was 
performed on a C-18 ODS-120T column, 4.6 x 25 mm (Waters Corp., Milford, Mass), with 
water/acetonitrile, (80/20), using a flow rate of 1 ml/min. The no-carrier-added product corresponded to the 
retention time (6.12 min) of the unlabeled FMISO under similar conditions. The radiochemical purity was 
gjpater than 99%. Under the UV detector (310 nm), there were no other impurities. The specific activity of 
[ FjFMISO determined was 1 Ci/nmol based upon UV and radioactivity detection of a sample of known 
mass and radioactivity. 

[ 131 I]IMISO was prepared jusing the same precursor 76 , briefly, 5 mg of tosyl MISO was dissolved in 
acetonitrile (1 ml), and Na I (1 mCi in 0.1 ml IN NaOH) (Dupont New England Nuclear, Boston, MA) 
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was added. After heating and purification, the product (60-70% yield) was obtained. Radio-TLC indicated 
the Rf values of 0.01 for the final product using chloroform methanol (7:3) as an eluant. 

Stability assay of * 9m Tc-EC-MN and 99m Tc-EC-NIM 

Stability of labeled ""Tc-EC-MN and ""Tc-EC-NIM were tested in serum samples. Briefly, 740 KBq of 1 
mg "Tc- EC-MN and ""Tc-EC-NIM were incubated in dog serum (200 (il) at 37 °C for 4 hours. The 
serum samples were diluted with 50% methanol in water and radio-TLC repeated at 0.5, 2 and 4 hours as 
described above. 

Tissue distribution studies of " m Tc-EC-MN 

Female Fischer 344 rats (150±25 g) (Harlan Sprague-Dawley, Indianapolis, IN) were inoculate^ 
subcutaneously with 0.1 ml of mammary tumor cells from the 13762 tumor cell line suspension (10 
cells/rat, a tumor cell line specific to Fischer rats) into the hind legs using 25-gauge needles. Studies 
performed 14 to 17 days after implantation when tumors reached approximately 1 cm diameter. Rats were 
anesthetized with ketamine (10-15 mg/rat, intraperitoneally) before each procedure. 

In tissue distribution studies, each animal was injected intravenously with 370-550 KBq of "Tc-EC-MN 
or "Tc-EC (n=3/time point). The injected mass of ""Tc-EC-MN was 10 |J.g per rat. At 0.5, 2 and 4 hrs 
following adrninistration of the radiotracers, the rats were sacrificed and the selected tissues were excised, 
weighed and counted for radioactivity. The biodistribution of tracer in each sample was calculated as 
percentage of the injected dose per gram of tissue wet weight (%ID/g). Tumor/nontarget tissue count density 
rgtios were calculated from the corresponding %ID/g values. The data was compared to [ FjFMISO and 
[ IJIMISO using the same animal model. Student J-test was used to assess the significance of differences 
between groups. 

Scintigraphic imaging and autoradiography studies 

Scintigraphic images, using a gamma camera (Siemens Medical Systems, Inc., Hoffman Estates, IL) 
equipped with low-energy, parallel-hole collimator, were obtained 0.5, 2 and 4 hrs after i.v. injection of 
18.5 MBq of each radiotracer. 

Whole-body autoradiogram was obtained by a quantitative image analyzer (Cyclone Storage Phosphor 
System, Packard, Meridian, CT). Following i.v. injection of 37 MBq of ""Tc-EC-MN, the animals were 
killed at 1 h and the body were fixed in carboxymethyl cellulose (4%) as previously described 52 . The frozen 
body was mounted onto a cryostat (LKB 2250 cryomicrotome) and cut into 100 }j.m coronal sections. Each 
section was thawed and mounted on a slide. The slide was then placed in contact with multipurpose 
phosphor storage screen (MP, 7001480) and exposed for 15 hrs. 

To ascertain whether ""Tc-EC-NIM could monitor tumor response to chemotherapy, a group of rats with 
tumor volume 1.5 cm and ovarian tumor-bearing mice were treated with paclitaxel (40 mg/kg/rat, 
80mg/kg/mouse, i.v.) at one single dose. The image was taken on day 4 after paclitaxel treatment. Percent 
of injected dose per gram of tumor weight with or without treatment was determined. 

Polarographic oxygen microelectrode p0 2 measurements 

To confirm tumor hypoxia, intratumoral pO measurements were performed using the Eppendorf 
computerized histographic system. Twenty to twenty-five pO measurements along each of two to three 
linear tracks were performed at 0.4 mm intervals on each tumor (40-75 measurements total). Tumor p0 2 
measurements were made on three tumor-bearing rats. Using an on-line computer system, the pO 2 
measurements of each track were expressed as absolute values relative to the location of the measuring poinl 
along the track, and as the relative frequencies within a pO histogram between 0 and 100 mmHg with a 
class width of 2.5 mm. 2 
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EXAMPLE 3: PEPTIDE IMAGING OF CANCER 
Synthesis of Ethylenedicysteine-Pentaglutamate (EC-GAP) 

Sodium hydroxide (IN, 1 ml) was added to a stirred solution of EC (200 mg, 0.75 mmol) in water (10 
ml). To this colorless solution, sulfo-NHS (162 mg, 0.75 mmol) and EDC (143 mg, 0.75 mmol) were 
added. Pentaglutamate sodium salt (M.W. 750-1500, Sigma Chemical Company) (500 mg, 0.67 mmol) 
was then added. The mixture was stirred at room temperature for 24 hours. The mixture was dialyzed for 
48 hrs using Spectra/POR molecular porous membrane with cut-off at 500 (Spectrum Medical Industries 
Inc., Houston, TX). After dialysis, the product was frozen dried using lyophilizer (Labconco, Kansas 
City, MO). The product in the salt form weighed 0.95 g. The synthetic scheme of EC-GAP is shown in 
Figure 16. 

Stability Assay of " m Tc-EC-GAP 

Radiolabeling of EC -GAP with "Tc was achieved using the same procedure described previously. The 
radiochemical purity was 100%. Stability of labeled ""Tc-EC-GAP was tested in serum samples. Briefly, 
740 KBq of 1 mg ""Tc- EC-GAP was incubated in dog serum (200 at 37 °C for 4 hours. The serum 
samples were diluted with 50% methanol in water and radio-TLC repeated at 0.5, 2 and 4 hours as 
described above. 

Scintigraphic Imaging Studies 

Scintigraphic images, using a gamma camera equipped with low-energy, parallel-hole collimator, were 
obtained 0.5, 2 and 4 hrs after i.v. injection of 18.5 MBq of each radiotracer. 



EXAMPLE 4: IMAGING TUMOR APOPTOTIC CELLS 
Synthesis of Ethylenedicysteine-Annexin V (EC-ANNEX) 

Sodium bicarbonate (IN, 1 ml) was added to a stirred solution of EC (5 mg, 0.019 mmol). To this 
colorless solution, sulfo-NHS (4 mg, 0.019 mmol) and EDC (4 mg, 0.019 mmol) were added. Annexin 
V (M.W. 33 kD, human, Sigma Chemical Company) (0.3 mg) was then added. The mixture was stirred at 
room temperature for 24 hours. The mixture was dialyzed for 48 hrs using Spectra/POR molecular porous 
membrane with cut-off at 10,000 (Spectrum Medical Industries Inc., Houston, TX). After dialysis, the 
product was frozen dried using lyophilizer O^abconco, Kansas City, MO). The product in the salt form 
weighed 12 mg. 



Stability Assay of ""Tc-EC-ANNEX 

Radiolabeling of EC-ANNEX with ""Tc was achieved using the same procedure described in EC-GAP. 
The radiochemical purity was 100%. Stability of labeled ""Tc-EC-ANNEX was tested in serum samples. 
Briefly, 740 KBq of 1 mg ""Tc- EC-ANNEX was incubated in dog serum (200 |il) at 37 °C for 4 hours. 
The serum samples were diluted with 50% methanol in water and radio-TLC repeated at 0.5, 2 and 4 hours 
as described above. 

Scintigraphic Imaging Studies 

Scintigraphic images, using a gamma camera equipped with low-energy, parallel-hole collimator, were 
obtained 0.5, 2 and 4 hrs after i.v. injection of 18.5 MBq of the radiotracer. The animal models used were 
breast, ovarian and sarcoma. Both breast and ovarian-tumor bearing rats are known to overexpress high 
apoptotic cells. The imaging studies were conducted on day 14 after tumor cell inoculation. To ascertain 
the tumor treatment response, the pre-imaged mice were administered paclitaxel (80 mg/Kg, iv, day 14) and 
the images were taken on day 18. 
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EXAMPLE 5: IMAGING TUMOR ANGIOGENESIS 
Synthesis of (Amino Analogue of Colchcine, COL-NH 2 ) 

Demethylated amino and hydroxy analogue of colchcine was synthesized according to the previously 
described methods 77 . Briefly, colchicine (4 g) was dissolved in 100 ml of water containing 25% sulfuric 
acid. The reaction mixture was heated for 5 hours at 100°C. The mixture was neutralized with sodium 
carbonate. The product was filtered and dried over freeze dryer, yielded 2.4 g (70%) of the desired amino 
analogue (m.p. 153-155°C, reported 155-157°C). Ninhydrin (2% in methanol) spray indicated the positivity 
of amino group of COL-NH 2 . The structure was confirmed by 'H-NMR and mass spectroscopy (FAB- 
MS). 'H-NMR (CDC1 3 )8 8.09 (S, 1H), 7.51 (d, 1H, J=12 Hz), 7.30 (d, 1H, J=12Hz), 6.56 (S, 1H), 
3.91 (S, 6H), 3.85 (m, 1H), 3.67 (S, 3H), 2.25-2.52 (m, 4H). m/z 308.2(M\20), 307.2 (100). 

Synthesis of Ethylenedicysteine-Colchcine (EC-COL) 

Sodium hydroxide (2N, 0.2 ml) was added to a stirred solution of EC (134 mg, 0.50 mmol) in water (5 
ml). To this colorless solution, sulfo-NHS (217 mg, 1.0 mmol) and EDC (192 mg, 1.0 mmol) were 
added. COL-NHj (340 mg, 2.0 mmol) was then added. The mixture was stirred at room temperature for 
24 hours. The mixture was dialyzed for 48 hrs using Spectra/POR molecular porous membrane with cut- 
off at 500 (Spectrum Medical Industries Inc., Houston, TX). After dialysis, the product was frozen dried 
using lyophilizer (Labconco, Kansas City, MO). The product weighed 315 mg (yield 55%). 'H-NMR 
(D 2 0)8 7.39 (S, 1H), 7.20 (d, 1H, J=12Hz), 7.03 (d, 1H, J=12Hz), 6.78 (S,1H), 4.25-4.40 (m, 1H), 
3.87 (S, 3H, -OCH 3 ), 3.84 (S, 3H, -OCH 3 ), 3.53 (S, 3H, -OCH 3 ), 3.42-3.52 (m, 2H), 3.05-3.26 (m, 
4H), 2.63-2.82 (m, 4H), 2.19-2.25 (m, 4H). FAB MS m/z 580 (sodium salt, 20). The synthetic scheme 
of EC-COL is shown in Figure 21. 

Radiolabeling of EC-COL and EC with ""Tc 

Radiosynthesis of ""Tc-EC-COLwas achieved by adding required amount of ""Tc-pertechnetate into 
home-made kit containing the lyophilized residue of EC-COL (5 mg), SnCl 2 (100 ng), Na 2 HP0 4 (13.5 
mg), ascorbic acid (0.5 mg) and NaEDTA (0.5 mg). Final pH of preparation was 7.4. ! * n Tc-EC was also 
obtained by using home-made kit containing the lyophilized residue of EC (5 mg), SnCl 2 (100 |ig), 
Na2HP0 4 (13.5 mg), ascorbic acid (0.5 mg) and NaEDTA (0.5 mg) at pH 10. Final pH of preparation was 
then adjusted to 7.4. Radiochemical purity was determined by TLC (FILC SG, Gelman Sciences, Ann 
Arbor, MI) eluted with ammonium acetate (1M in water):methanol (4:1). Radio-thin layer chromatography 
(TLC, Bioscan, Washington, DC) was used to analyze the radiochemical purity for both radiotracers. 
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Stability Assay of ""Tc-EC-COL 

Stability of labeled ""Tc-EC-COL was tested in serum samples. Briefly, 740 KBq of 5 mg 99m Tc- EC-COL 
was incubated in the rabbinate serum (500 (il) at 37 °C for 4 hours. The serum samples was diluted with 
50% methanol in water and radio-TLC repeated at 0.5, 2 and 4 hours as described above. 

Tissue Distribution Studies 

Female Fischer 344 rats (150±25 g) (Harlan Sprague-Dawley, Indianapolis, IN) were inoculated^ 
subcutaneously with 0.1 ml of mammary tumor cells from the 13762 tumor cell line suspension (10 
cells/rat, a tumor cell line specific to Fischer rats) into the hind legs using 25-gauge needles. Studies 
performed 14 to 17 days after implantation when tumors reached approximately 1 cm diameter. Rats were 
anesthetized with ketamine (10-15 mg/rat, intraperitoneally) before each procedure. 

In tissue distribution studies, each animal was injected intravenously with 370-550 KBq of "Tc-EC-COL 
or "Tc-EC (n=3/time point). The injected mass of ""Tc-EC-COL was 10 |ig per rat. At 0.5, 2 and 4 hrs 
following administration of the radiotracers, the rats were sacrificed and the selected tissues were excised, 
weighed and counted for radioactivity. The biodistribution of tracer in each sample was calculated as 
percentage of the injected dose per gram of tissue wet weight (%ID/g). Tumor/nontarget tissue count density 
ratios were calculated from the corresponding %ID/g values. Student t-test was used to assess the 
significance of differences between groups. 

Scintigraphic Imaging Studies 

Scintigraphic images, using a gamma camera (Siemens Medical Systems, Inc., Hoffman Estates, IL) 
equipped with low-energy, parallel-hole collimator, were obtained 0.5, 2 and 4 hrs after i.v. injection of 
300 |iCi of ""Tc-EC-COL and ""Tc-EC. Computer outlined region of interest (ROI) was used to 
quantitate (counts per pixel) the tumor uptake versus normal muscle uptake. 



RESULTS 

EXAMPLE 1: TUMOR FOLATE RECEPTOR TARGETING 
Chemistry and Stability of " ro Tc-EC-Folate 

A simple, fast and high yield aminoethylamido and EC analogues of folate, MTX and TDX were developed. 
The structures of these analogues were confirmed by NMR and mass spectroscopic analysis. 
Radiosynthesis of EC-folate with "Tc was achieved with high (>95%) radiochemical purity. "Tc-EC- 
folate was found to be stable at 20 min, 1, 2 and 4 hours in dog serum samples. 

Biodistribution of " m Tc-EC-folate 

Biodistribution studies showed that tumor/blood count density ratios at 20 min-4 h gradually increased for 
"Tc-EC-folate, whereas these values decreased for ""Tc-EC in the same time period (Figure 4). %ID/g 
uptake values, tumor/blood and tumor/muscle ratios for ""Tc-EC-folate and ""Tc-EC were given in Tables 
2 and 3, respectively. 

In blocking studies, tumor/muscle and tumor/blood count density ratios were significantly decreased 
(p<0.01) with folic acid co-administrations (Figure 5). 

Scintigraphic Imaging and Autoradiography Studies 

Scintigraphic images obtained at different time points showed visualization of tumor in ""Tc-EC-folate 
injected group. Contrary, there was no apparent tumor uptake in "Tc-EC injected group (Figure 6). Both 
radiotracer showed evident kidney uptake in all images. Autoradiograms performed at 1 h after injection of 
""Tc-EC-folate clearly demonstrated tumor activity. 
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EXAMPLE 2: TUMOR HYPOXIA TARGETING 
Radiosynthesis and stability of 99m Tc-EC-MN and 99m Tc-EC-NIM 

Radiosynthesis of EC-MN and EC-NIM with "Tc were achieved with high (>95%) radiochemical purity 
Radiochemical yield was 100%. "Tc-EC-MN and "Tc-EC-NIM (Figure 13) were found to be stable at 
0.5, 2 and 4 hrs in dog serum samples. There was no degradation products observed. Radiofluorinadon 
and radioiodination of MISO were achieved easily using the same precursor. In both labeled MISO 
analogues, the radiochemical purity was greater than 99%. 

In vivo tissue distribution studies 

The tissue distribution of ""Tc-EC-MN and "Tc-EC in the tumor-bearing rats is shown in Tables 3 and 
4. Due to high affinity for ionic ""Tc, there was no significant and consistent thyroid uptake, suggesting 
the in vivo stability of "Tc-EC-MN (Table 4). 

Biodistribution studies showed that tumor/blood and tumor/muscle count density ratios at 0.5-4 hr 
gradually increased for "Tc-EC-MN, [ FJFMISO and [ 18 IJIMISO, whereas these values did not alter 
for "Tc-EC in the same time Deriod (Figures 9 and 10). [ F]FMISO showed the highest tumor-to-blood 
uptake ratio than those with [ I]IMISO and "Tc-EC-MN^t 30 min, 2 and 4 hrs post-injection. 
Tumor/blood and tumor/muscle ratios for "Tc-EC-MN and [ I]IMISO at 2 and 4 hrs postinfection were 
not significantly different (p<0.05). 

Scintigraphic imaging and autoradiographic studies 

Scintigraphic images obtained at different time points showed visualization of tumor in "Tc-EC-MN and 
"Tc-EC-NIM groups. Contrary, there was no apparent tumor uptake in "Tc-EC injected group (Figure 
11). Autoradiograms performed at 1 hr after injection of "Tc-EC-MN clearly demonstrated tumor activity 
(Figure 12). Compare to "Tc-EC-NM, "Tc-EC-NIM appeared to provide better scintigraphic images due 
to higher tumor-to-background ratios. In breast tumor-bearing rats, tumor uptake was markedly higher in 
"Tc-EC-NIM group compared to "Tc-EC (Figure 14A). Data obtained from percent of injected dose of 
"Tc-EC-NIM per gram of tumor weight indicated that a 25% decreased uptake in the rats treated with 
paclitaxel when compared to control group (Figure 14B). 

In ovarian tumor-bearing mice, there was a decreased tumor uptake in mice treated with paclitaxel (Figures 
15A and 15B). Similar results were observed in sarcoma-bearing (Figures 15C and 15D). Thus, Tc- 
EC-NIM could be used to assess tumor response to paclitaxel treatment. 

Polarographic oxygen microelectrode p0 2 measurements 

Intratumoral pC>2 measurements of tumors indicated the tumor oxygen tension ranged 4.6+1.4 mmHg as 
compared to normal muscle of 35±10 mmHg. The data indicate that the tumors are hypoxic. 



EXAMPLE 3. PEPTIDE IMAGING OF CANCER 
Stability Assay of 99m Tc-EC-GAP 

"Tc-EC-GAP found to be stable at 0.5, 2 and 4 hrs in dog serum samples. There was no degradadon 
products observed. 

Scintigraphic imaging studies 

Scintigraphic images obtained at different time points showed visualization of tumor in "Tc-EC-GAP 
group. The optimum uptake is at 30min to 1 hour post-administration (Figure 17). 
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EXAMPLE 4: IMAGING TUMOR APOPTOTIC CELLS 
Stability Assay of "Tc-EC -ANNEX 

"Tc-EC- ANNEX found to be stable at 0.5, 2 and 4 hrs in dog serum samples. There was no degradation 
products observed. 

Scintigraphic imaging studies 

Scintigraphic images obtained at different time points showed visualization of tumor in "Tc-EC-ANNEX 
group (Figures 18-20). The images indicated that highly apoptotic cells have more uptake of "Tc-EC- 
ANNEX. There was no marked difference of tumor uptake between pre- and post-paclitaxel treatment in 
the high apoptosis (ovarian tumor-bearing) group (Figures 19 A, 19B) and in the low apoptosis (sarcoma 
tumor-bearing) group (Figure 20A, 20B). 

EXAMPLE 5. IMAGING TUMOR ANGIOGENESIS 
Radiosynthesis and stability of Mm Tc-EC-COL 

Radiosynthesis of EC-COL with "Tc was achieved with high (>95%) radiochemical purity (Figure 2). 
"Tc-EC-COL was found to be stable at 0.5, 2 and 4 hrs in rabbit serum samples. There was no 
degradation products observed (Figure 22). 

In Vivo Biodistribution 

In vivo biodistribution of "Tc-EC-COL and "Tc-EC in breast-tumor-bearing rats are shown in Tables 1 
and 2. Tumor uptake value (%ID/g) of ""Tc-EC-COL at 0.5, 2 and 4 hours was 0.436±0.089, 
0.395±0.154 and 0.221±0.006 (Table 5), whereas those for "Tc-EC were 0.342+0.163, 0.115+0.002 and 
0.097±0.005, respectively (Table 3). Increased tumor-to-blood (0.52 ± 0.12 to 0.72 ± 0.07) and tumor-to- 
muscle (3.47 ± 0.40 to 7.97 ± 0.93) ratios as a function of time were observed in ""Tc-EC-COL group 
(Figure 23). Conversely, tumor-to-blood and tumor-to-muscle values showed time-dependent decrease 
with ""Tc-EC when compared to "Tc-EC-COL group in the same time period (Figure 24). 

Gamma Scintigraphic Imaging of ""Tc-EC-COL in Breast Tumor-Bearing Rats 

In vivo imaging studies in three breast-tumor-bearing rats at 1 hour post-administration indicated that the 
tamor could be visualized well with "Tc-EC-COL group (Figure 25), whereas, less tumor uptake in the 
"Tc-EC group was observed (Figure 26) . Computer outlined region of interest (ROI) showed that 
tumor/background ratios in "Tc-EC-COL group were significantly higher than "Tc-EC group (Figure 



CONCLUSION 

All these ligands showed potential application in imaging tumors. Compare to all the ligands developed, our 
results suggest that ligands could be a good candidate for imaging tumors due to the reasonable tumor-to 
tissue ratios. 
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TABLE 1 

Rf Values Determined by Radio-TLC (ITLC-SG ) Studies 





System A* 


System Bf 


"""Tc-EC-folate 


0 


1(>95%) 


"Tc-EC 


0 


1(>95%) 


Free ""Tc 


1 


1 


Reduced "Tc 


0 


0 



* Acetone 

t Ammonium Acetate (1M in water) Methanol (4:1) 



TABLE 2 

Biodistribution of ""Tc-EC-folate in Breast Tumor-Bearing Rats 

% of injected w "Tc-EC-fp1ate dose per organ pr tissue 





20 min 


1 h 


2h 


4h 


Blood 


0.370+0.049 


0.16510.028 


0.08610.005 


0.05810.002 


Lung 


0.294+0.017 


0.16410.024 


0.09210.002 


0.06310.003 


Liver 


0.274±0.027 


0.1851X).037 


0.14810.042 


0.10510.002 


Stomach 


0.130±0.002 


0.55710.389 


0.11810.093 


0.07310.065 


Kidney 


4.328±0.896 


4.05210.488 


5.10210.276 


4.67310.399 


Thyroid 


0.31110.030 


0.14910.033 


0.09510.011 


0.06610.011 


Muscle 


0.058±0.OO4 


0.025710.005 


0.01610.007 


0.00810.0005 


Intestine 


0.131+D.013 


0.10110.071 


0.03110.006 


0.10810.072 


Urine 


12.63712.271 


10.47313.083 


8.54312.763 


2.44710.376 


Tumor 


0.29810.033 


0.14710.026 


0.10610.029 


0.07110.006 


Tumor/Blood 


0.81210.098 


0.89410.069 


1.22910.325 


1.22710.129 


Tumor/Muscle 


5.15710.690 


5.73910.347 


6.87612.277 


8.51510.307 



Values shown represent the meantstandard deviation of data from 3 animals. 



TABLE 3 



Biodistribution of * >n Tc-EC in Breast Tumor-Bearing Rats 





%0f 


injected" yyn Tc-eC 


dose per organ or 


tissue 




20 min 


1 h 


2 h 


4 h 


Blood 


a /ii cxa a^a 


u.z / j±u.U3y 


A n 1 1 1 A AA 1 

U.Z1 l+U.UUl 


A 1 A A-i-A AAQ 

1). 14y±U.UUo 




0.272+0.019 


0.18710.029 


0.14410.002 


A 1 A-l-A A 1 O 
U.IZU+U.UIZ 


Liver 


0.508±0.062 


0.36710.006 


0.28610.073 


n n ii i a a 1 c 
U.Z34+0.U1O 


Stomach 


0.136+0.060 


0.12710.106 


0.03710.027 


A A A O-LA A 1 A 
0.04310.014 




7.914+0.896 


8.99110.268 


9.1 1610.053 


7.83411.018 


Thyroid 


0.219x0.036 


0.22910.118 


A 1 A C 1 A AAO 

U. lUo+U.UUJ 




Muscle 


0.060±0.006 


0.04310.002 


0.02810.009 


A A 1 A-l-A AA 1 


Intestine 


0.17310.029 


0.78710.106 


0.40110.093 


0.10310.009 


Urine 


9.1241G.808 


11.04516.158 


13.19214.505 


8.69312.981 


Tumor 


0.34210.163 


0.14910.020 


0.11510.002 


0.09610.005 


Tumor/Blood 


0.77610.322 


0.54410.004 


0.54610.010 


0.64910.005 


Tumor/Muscle 


5.84113.253 


3.41410.325 


4.42511.397 


5.09310.223 


Values shown represent the meant standarc 


1 deviation of data from 3 animals. 





TABLE 4. 

Biodistribution of Tc-EC-metronidazole conjugate in breast tumor bearing rats 1 



30 Min. 2 Hour 4 Hour 



Blood 


1.4610.73 


1.19+0.34 


0.7610.14 


Lung 


0.79+0.39 


0.7310.02 


0.5210.07 


Liver 


0.8310.36 


0.9110.11 


0.8710.09 


Spleen 


0.3710.17 


0.4110.04 


0.3710.07 


Kidney 


4.3011.07 


5.8410.43 


6.3910.48 


Muscle 


0.08+0.03 


0.09+0.01 


0.07+0.01 


Intestine 


0.27+0.12 


0.3910.24 


0.22+0.05 


Thyroid 


0.5110.16 


0.51+0.09 


0.4110.02 


Tumor 


0.3410.13 


0.4910.02 


0.50+0.09 



1. Each rat received yym Tc-EC-metronidazole (10 jxCi, iv). Each value is percent of injected dose per 
gram weight (n=3)/time interval. Each data represents mean of three measurements with standard deviation. 
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Figure i Syhthesls of "^c-Ethylenedicysteine-folate ("""Tc-EC-folate) 
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Figure 2 . Synthesis Wm Tc-EC-methotrexate ("""Tc-EC-methotrexate) 
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Na 99n> Tc04 / SnCI 2 



99mTc-EC-TDX 



Figure 3 . Synthesis of """Tc-EC-tomudex ("""Tc-EC-TDX) 



-Tc-99m EC-folate ■ Tc-99m EC | 




Time after injection 



FIGURE 4. Time-dependent variation of tumor/blood ratios (%ID/g wet 
weight) for "Tc-EC-folate versus ""Tc-EC (n=3/time 
point). 



B Control ■ Folate co-inj 50 umol/kg B Folate co-inj150 n.mol/kg 




T/M T/B 
Ratio %ID/g wet weight 



FIGURE 5. Tumor/blood and tumor/muscle ratios (%ID/g wet weight) for ^"Tc-EC-folate significandy 
decreased (* = p<0.01) with different doses of folate co-injections (n=3/group). 



CONFIDENTIAL 




CONFIOENIIAL 





oiiu^i apsnp^-oj-jouinj. 



confidential 





Figure 11. 



the right Mud leg at (A) and 4 (B) {" "S"* ,, evident in the tumor (arrows) up to 4 nr. 




Figure 12. 



Whole-body autoradiogram (coronal section) obtained 30 min after intravenous injection of "Tc- 
EC-MN clearly demonstrated tumor activity. A corresponding sectional image is on the right. 
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Figure 13. 



Radio-TLC analysis of 99m Tc-EC-nitronidazole (EC-NIM) in dog serum at 30 min. 
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Figure 16. Radiosynthesis of 99m Tc-EC-Pentaglutamate 
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Figure 21. Synthetic scheme of ""Tc-EC-Colchicine. 
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Tc-EC-Colchicine (1 Hour Postinfection) 




Figure 25. Anterior view of breast-tumor-bearing rats receiving 99m Tc-EC-Colchicine (300 LiCi, iv ) 
showed that there was tumor uptake at 1 hour post-injection. 



CONFIDENTIAL 

m Tc-EC (Control) (1 Hour Postinjection) 



Figure 26. Anterior view of breast-tumor-bearing rats receiving 99m Tc-EC (300 fiCi, iv.) showed that 
there was less tumor uptake at 1 hour post-injection compared to 99m Tc-EC-Colchicine. 



